260                     THE ELECTRIC FURNACE
as well as expensive "quick-cutting" steel. The tools were usually cut from the ingot, or made by pouring the steel into molds of the desired shape, as the steel was frequently too hard for forging; but an ingot of steel with 0.75 per cent, carbon was drawn down successfully under the hammer. When smelting th,e titaniferous ore it was not necessary to add any ferro-alloy in the furnace or ladle, as the titanium ensured a sound product, but in smelting a pure magnetite ore, the usual additions of ferro-manganese and ferro-silicon were made in the furnace. Using a mixture of 100 parts pure magnetite, 30 parts titaniferous magnetite, 15.5 parts charcoal, 7 parts pitch, 7 parts tar, and 8 parts of lime, a run of 4 1/2 hours, using 23 kw., gave 57 1/2 Ib. of steel, corresponding to 0.46 kw. years per long ton, and a second run of 3 hours using 25 kw. yielded 41 Ib. of steel. The steel contained 1.55 per cent, carbon, 0.16 per cent, of manganese and 0.65 per cent, of titanium. The electrode loss was equal to 17 Ib. per long ton of steel.                                                                                    Y
In starting the furnace an arc was struck between the end electrodes and when a sufficient quantity of molten metal and slag had been formed, these electrodes were withdrawn, and the vertical electrodes used during the remainder of the heat.
Another method was to use the vertical electrodes during the^whole run, a short piece of electrode being laid between their ends for starting the arc. The electrodes were of graphite, 1.5 in. in diameter, being somewhat larger and closer together than those shown in the figure. The furnace was heated as strongly as possible by means of a blowpipe, before each test. The briquets were charged into the fur- . nace through holes in the roof.
The ores used were low in phosphorus and sulphur, and the tests did not throw much light on the eh'mination of these elements. The titanium in the ore served to remove oxygen and possibly nitrogen from the steel, thus giving a sound product, and the small proportion of titanium that entered the steel gave additional hardness. The amount of titanium in the steel could be controlled by varying the lime in the charge; a basic slag removing more titanium than an acid one. The experiments were decidedly encouraging, but the power available was insufficient, and the furnace could not be operated continuously. A plant has been built at Belleville for testing the process on a small working scale; the first furnace having an output of i ton of tool steel per 24 hours.                                            >
For the production of tool steel the cost of the process would be sufficiently low even if briquetting were found desirable, and without. 53.in a steel furnace, and this is explained by the
